A previous communication (Coxon, Liebecq & Peters, 1949) reported the formation of citrate, together with a-ketoglutarate, in the course of the oxidation of pyruvate by dialysed dispersions of pigeon brain, and the findings were discussed in relation to the tricarboxylic acid cycle (Krebs & Johnson, 1937) . The present paper is mainly concerned with studies of citrate formation under similar conditions by breis and slices from the same organ, but some further experiments bearing upon the comparative behaviour of dispersions are also included. Appreciable formation of citrate has been shown to accompany the oxidation of pyruvate by both breis and slices, but the quantities found were much less than in the earlier studies on dispersions of brain.
a preliminary boiling with H2SO4 as recommended by Breusch & Tulus (1947) to reduce interference by chromogenic substances other than citrate. isoCitrate was determined enzymically using isocitric dehydrogenase. The reaction was followed in a Beckman spectrophotometer, model DU, according to the method of Ochoa (1948) by observing the coupled reduction of triphosphopyridine nucleotide (TPN). The enzyme used in this determination Biochem. 1953, 55 was prepared from pig's heart by Dr W. D. Lotspeich, who generously made it available (see Lotspeich & Peters, 1951) .
The TPN was prepared from horse liver by the writer in collaboration with Dr Lotspeich and was about 14 % pure as judged by the extinction coefficient at 340 mis. The pyruvate determinations quoted in Table 4 were carried out according to Long (1942) .
Tissue preparations. Breis were prepared by mashing on a warm plate as described by Peters, Rydin & Thompson (1935) and slices were cut free-hand. In both instances the tissues were introduced into tared flasks and their weight found by difference. Dispersions were prepared and dialysed as described by Banga, Ochoa & Peters (1939) .
RESULTS
Formation of citrate in breis and slices. Table 1 gives the results of citrate determinations upon a series of breis after incubation with pyruvate, and Table 2 gives similar data in respect of slices. It has also been found that citrate formed in slices does not diffuse freely into the suspending medium (Coxon, 1950) . The extent of citrate formation in breis and slices is roughly the same, amounting to about 1 ,umole/g. tissue in 2 hr. The demonstration that citrate is formed by breis and slices respiring in pyruvate, despite the fact that the quantities produced are small compared with those arising in dispersions, is good evidence in favour of the thesis that in breis and slices, as in dispersions (Coxon et al. 1949) , the metabolism ofpyruvate proceeds through a tricarboxylic stage. A quantitative comparison of the amounts of citrate found in relation to the 35 accompanying oxygen uptake in slices on the one hand, and dispersions on the other, makes it clear that the molar citrate/oxygen ratio is vastly greater Table 4 summarizes data from a number ofexperiments (including those recorded in Table 1 ) on which can be based an estimate of the proportion of the pyruvate metabolized by a brei which appears as citrate. This is seen to be about 4 %. The results in Table 5 show that citrate formation occurred in both moieties, the amount found being greater per unit of dry weight in the case of the finely divided suspension as might be expected from its greater similarity to a dispersion. None the less, appreciable formation also occurred in the flask containing the larger particles. DISCUSSION Acceptance of a tricarboxylic acid cycle operating in breis of pigeon brain calls for some attempt at a reconciliation of such a process with certain apparently contradictory observations reported in earlier communications. In particular the finding of McGowan & Peters (1937) that the stimulant effect of thiamine on the respiration of vitamin-deficient brei incubated in pyruvate was not modified by the simultaneous metabolism of succinate, appeared to indicate an independence of the oxidative pathways for these two substances. However, evidence that has accumulated since their experiments were carried out suggests that the added succinate could be metabolized at a site different from that at which the tricarboxylic acid cycle was in operation, for it is now well known that an enzyme can be found in more than one locus in a tissue preparation, as exemplified by the case of i8ocitrate dehydrogenase which has been recovered from both soluble and mitochondrial fractions of liver 'homogenates' (Hogeboom & Schneider, 1950) . Moreover, it is known (Potter, Recknagel & Hurlbert, 1951 ) that cells frequently contain quantities ofenzymes which are in excess of their requirements for normal coordinatedmetabolism) so that asurplus ofexogenous succinate could presumably be handled without necessarily depressing the cyclical mechanism in experiments such as those of McGowan & Peters.
The postulate of at least two spatially distinct systems for oxidizing succinate in brain breis is now advocated by Peters (1953) and is consistent with the finding (Long, Ochoa & Peters, 1939 ) that exogenous succinate undergoes only a one-stage conversion into fumarate in such preparations. The important question as to whether the functional separation ofthese two succinoxidase systems is or is not an artifact resulting from the method of preparing breis must for the present remain open.
Turning to the results recorded in Table 4 showing the proportion of pyruvate metabolized by breis which appears as citrate, it is satisfactory to find that the estimated 4 1 % is in good agreement with expectation from the careful pyruvate balance figures of Long (1938) . This observer found that of the pyruvate which was metabolized by breis, some 20% underwent only oxidative decarboxylation to acetate, a further 10 % entered into an anaerobic dismutation to lactate, while 67 % was completely oxidized to carbon dioxide and water. He was thus left with 3 % unaccounted for, and this may now be said to be traceable as citrate. Both Long's and the present value also tally well with that of 2-4% 35-2 which was the estimated yield of citrate from pyruvate in some large-scale experiments on bovine bra.in carried out by Simola & Alapeuso (1943) . As shown by the results in Table 5 , a classification of tissue preparations into slices, breis and dispersions is somewhat arbitrary and in certain respects misleading. This should not, however, obscure the fact that the metabolism of the more organized preparations is better systematized to the extent that intermediate reactants accumulate to a lesser degree in them, although the appearance of such intermediates at all in recognizable form is in a sense a measure of the artificiality of the experimental conditions. SUMMARY 1. The accumulation of citrate in association with the oxidation of pyruvate by breis and slices of pigeon brain is reported.
2. The extent of citrate formation in such preparations is compared with that previously found in dispersions, and the implications of this comparison are discussed.
3. Some reactions between ci8-aconitate and Di8ocitrate and citrate in dispersions of pigeon brain have been studied.
